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(57) Abstract 

Detection probes enabling very 
convenient and highly accurate and sensitive 
detection of DNAs or RNAs having specific 
base sequences in specimens in the presence of • 
the probes in excess of the target nucleic acid; 
and a detection method. When mixed with a 
specimen containing the target substance 
(DNA, RNA, etc.) having a polynucleotide 
having a specific base sequence, two types of 
fluorescent label detection probes hybridize, 
while being adjacent to each other, with the 
target nucleic acid. As a result, there arises a 
shift of the resonance energy between the two 
types of fluorescent dye molecules. When the 
resonance energy shift occurs in the hybrid thus 
formed, the fluorescence atten uation of the 
acceptor fluorescent dye molecule can be 
sufficiently delayed compared with the 
fluorescence attenuation of the directly excited 
acceptor by appropriately regulating (1) the 
number of bases between the two nucleotides 
to which the fluorescent dye molcculees have bonded; (2) the structure (double- or single-stranded) of the hybrid between the two 
nucleotides to which the fluorescent dye molecules have bonded; and (3), on the detection probes, the sites of the nucleotides into which the 
fluorescent dye molecules are to be introduced; and by (4) using a pair of detection probes with the appropriate selection of the fluorescent 
dye molecules. The detection method comprises using the above-mentioned detection probes and detecting the target substance by measuring 
changes in the fluorescence artenuation curve of the acceptor after the irradiation with pulse excitation rays, thus enabling highly accurate 
and sensitive detection of the target nucleic acid in the presence of the detection probes in excess of the target nucleic acid. 
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^Usf^- KB0©JaafiW«3&*2 0i&£ (n=2 0) Cz ft 3«M !/07o- 7" * flfffl L 



EI3 6f± N -MO^il;iffl7-D-7- (^fe^t||^ntt'j3DNA) £ 

M/D-7!l Bodipy493/503, T V -tr 7"* 

Cy5, M^Jy KftJMlttC&ttS K*-|fi#£*#|g£0Ti*37*U**- 
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12 (n= 1 2 ) Lt^5o *-£-'<y hRNAi:rD-7'^J:t¥ 

&\ (D0%, ©2. 5%, ©5%> @20% v vmk/7u-7\ qe;u 

ft) T-^So 

Bodipy493/503, T*^ -fe r * -f}tfi*{± Cy5, M^ijy WJfcf&ltfHC&ttS 

^5 7^l/t?-l*Bg(±2*a £SRa»fcfc 1 2 (n=12) § & £>&{&ffl L 
T^&o ^-^«y hRNAhT-n-^'Oirb^li, ©0%, ©2. 5%, ©5%. © 
2 0% ^-y h RNA/ 7' D - 7\ ^l/tfc) f*S B 

£UtfJ7*n— T'fcU Bodipy493/503. 7 7 -tr 7** — C 

li: m 5 7 7 u ^ k reia: - ^sru J&Mi&fcJ: 1 

0 (n = 1 0) LTUo. — ^ >y h RNA£ 7'o — 7(Dltm&, 

®0 %, ©2 . 5%, ©5 %s ©2 0 % {$>-Yv >RNA/7-d-7\ ^Utt) 

& n;j § nm t z> £ &> <v ii & o b m 

# «g n;j tc t> § as a ] r □ - 7 ■ & £ fife a /; & 4 ffl t • T th t o «e<* fcfc , * 

<B M 5Tu ffi m. , ^??l:*5^t £ fig tt < . iffi ? iV # f £ S£ £ If f£ I£ W U f* e 
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atfo W*tf, DNA, RNA, &&*V=f}i<n,*?h\ Gf&XVji*],*?. 



Miii^rp-7"<7)#^$;^r^st©g{5^c^urtt, d n a *r makers 

OTftiil^o '^-^2' 2' -O-TVU*^ 2' -0- 

K&"g? (PNA) «t^ 0 
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2MSi!8ic|&fc5XD--Xfci\ «^-e&£*-X">y h*&g2^W X'J <y b'ft£ 
flclciJttS^tJtfelR^.^^UT^S^ ^ U*^ KBi]<BiM». X'J «y b" 

b'X — tfltlSfe^d-: ut^s t £ ( k^- — T^-teX^-IBJKix*^ — M# 

I<,(t) = exp(-t/T„) r„ : b'->-^m^Mf^ (iU ) 

T^X^-i^Tfr-ft UT^SiiS ( h* X 7^t7^ -p f !H;x?J'^- 
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Ut)-exp(-t/rJ T.-.TZ^yt-^xm^ (a 2 ) 



I'«i(t) = exp(-t/r d .) 

Tda = r d (l-E) 



7 ' f zW=/oexp(-^)-exp(-T/T o )^r (5£ 4 ) 

.JiMLfcJUfc:, (3) fcAaca (4) fct. K^-#-7^**r*->>-?<7D 
IfflOffi* H5i£ * ft T ^ 5 L fc i: $ o«8 * - r T * S . ^--7^7^ 

-BH^«ai*^$nT*^rwie,uTf^si:*tctt, a (3 ) (4) © (x* 
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(2) T-&e>fr£*i*gftitf3aa--'7"<0M£*£ < tS^ii^ifSt'&So 5*r 



( 2 ) \±T^-tr^-(Dm9tm^zx. *>m.&$tix^Zo 



( K ^-(aoR©^^^^^^ > > h* T-^nM^*^ 7 7 -fe 7" 
3 . h*^— CQMft7^7 Mu^r^-trr^— c^iE^T.^?. Dtf'J^ 

X Bodipy (4,4-dif luoro-4-bora-3a,4a-diaza-s-indance) 
£ £ n - *r « > # & £ $il*^:fo -a- fc'-fo CO S o 
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mi 



Y~y—/ 

7 2^7$— 



(Dig. 
(n) 



(DMti 



B0DIPY/Cy5 



1»1 



4,8,10,12,15,20 
4,8,10,12,14 



+ 



+ + + 



+ 



B0DIPY/Cy3.5 



8,12,16 



+ 



FITC/Cy5 



1 *m 

2*fJi 



12,15,20 
10,12 



+ 



FITC/Cy3 



1 



2 *m 



12,15,20 
10,13,15 



+ 



+ 



FiTC/o-rsy 



1 



4,8,12,15,20 



2 «l 



15 



+ 
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r Bodipyj ii^b^jL^ — 7d- 7'Mi: (Molecular Probes Inc. Eugene, OR, 
USA) tf) iStfS T & £ o WtzztteWtel^M*), 3iWJ£> RBodipyj & 

r Bodipy 493/503j T"&£ 0 Cy3, Cy3.5> Cy5tt77-y + A 

$£ (Ajnersham)c7)fi$lT-£> So 

<&K&m<Dmzt.&frV£LZte, Bodipy/Cy5 #ig&£?£ L < , &(,>T\ Bodip 
y/Cy3.5, FITC/Cy5 ©Ii:%5o FITC/Cy3, FITC/Q-r^ <afl<fr£rfr-tr& s /W 

t-fi^tll, Bodipy & FITC £ »3 &lg*lT^£<2&s Bodipy (D'sR^t 

%f$i (fc)7i-;m W FITC <D!8#;Pf|ffr A ± J vl>) «£ D & 7 9^ 

?'$-'&m<D-$KKm%> (Cy5 i±*tj 1 D-^'i >&^3^-y#) <b^HI^ 

^#<^5Ctl:|2it5i:#x^noo FITC/Cy3. FITC/D-r ;> <7) J; -5 

(C, K^- — (&m)fc;*^£ h;i/i:7^t7^ -^'ii^cX^? Y)\s<nftffl.ft& < 
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t & & ^ * & & mxM&nmn & st r 5 si * <z> --&L<z>m#*3§B 7*0— r a -r 

73 — 7*<7)^b©^©Jfi5SS^fifitJtc JrbKf -5 fca&lc JUT & o fe c 

$ £ £ o 

2owtHM^*-7«iJ(DS/Nli« WT^Wit-;RS!)fc (S.A.Soper, 
B.L.Legender, & D.C. Williams. ( 1995) Analy.Chem. 67 4358-4365 

! +. 1 
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r = -At/(ln(D,/D 0 )) 

Do : 3 - 5 ± J #tf)(£fTO(z & 5 gtftft 

D,: 5-7^yS>©B#iaj*Sfc:ijlt5ffiJfcfi . 
At = 2 ns 

<7=rx (-ln(D,/Do))/(l/D 0 +l/D,) 1/2 

CCT, Ar = r (a^7'J7 K»:) -r (7d-7) 

cr Ar = (a (/W :7'J v 2 +a (ro — y) 2 ) 
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* 2 



2< 



B0DIPY/CY5 ( 2*110 

n=4 n=3 n=10 n=12 n=14 
Ar/(J lr 0.292 0.657 1.081 1.051 1.026 



BODIPY/CY3.5 (2*38) 



n=8 n=12 n=16 



Ar/0 4r 0.449 0.733 0.760 



FITC/CY5 (2*01) 

n=10 n=16 

Ar/a 4t 0.372. 0.629 



B0DIPY/CY5 (l^ii'4) 



n =4 n=8 n=10 n=12 n=15 n=20 



Ar/a ar 0.066 0.052 0.221 0.382 0.638 0.832 

BOD IPY/CY5 (n=10, l«i/2«) 

6/4 4/6 2/8 0/10 

Ar/a ar 0.333 0.463 0.837 0.933 



bod ipy/cy5 (2*ri, n=io) mm&%(Dffimm(My i hyto<nwtiB<DiiL& 

0 12 4 

Ar/a, r 0.932 0.698 0.589 0.377 
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«?2fc«fcVEI3tt % Bodipy/Cy5, Bodipy/Cy3.5, FITC/CY5 <Dm&&m<Dt&fr 

^(ctt, ^fi***e^LT^* 2 007^.1/^ KM©«ifi®a^ (- 
***fctt-*«) «CA4«»jos/N^©IB*^s fc « )t : % Bodipy/Cy5 © 

'W7'U*K^£tt£!i^^ fiodipy 

/Cy5 ^e*©»^to*fc:ij^-ctta M »«i otfig^u Bodipy aiarD- 

7 (^-7D-7) © Bodipy ®ttttttS&5' *«H (i£*l0<75&S-= 0 ) 
<b * Fa*) gfl -f c, L i: £ © S / N CD ^ i t £ fjK U tz o 

(1) Bodipy/Cy5 <DmX&#<Dm*&t>itK*i^X. 2o©Stfe|if^^L 

©it^fi*<DMOffl«fttt 1 0-1 2jMR*J;^ 0 

(2) Bodipy/Cy5 ©<a*fc*<Z>ffl*£fe* c^T. 2 oOffiMSfelR^^ L 

©S/Nli2o©Mfc^©|^MM^t^ji:-J: < & * (4 <n< 2 0 

(3) Bodipy/Cy3.5 ^Jtfi^l^^^c^^^ 2^^fe«- 

^©t)t£^f^Jiii^(:^ t 5s/NOf«ft!|:|t Bodipy/Cy5 
^tSt^ottpgs^^ UfrOft/,^, S/NflDffii«± Bodi P y/Cy5 «fc 0 * 

(4) FITC/Cy5 (Omft&mcDfilfrfttoWz&^T. 2o0fi!)t6|^ 
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fct Bodipy/Cy5J; •M£ufiS£h5o 

(5) Bodipy/Cy5 O^^^cDM^t)^ (/W 7'J y FttfcfcltS 2 

* UTf-^ KPigcoffiSJSC, n=10) 2o<Dii 

(6) Bodipy/Cy5 ©3btefe&©JS^"&fcH* (;W 7 'J -y S 2 0(7)'lt 
#;fe##*g-&0TU57* Hfiaoffiaafc, n=10) Bodipy 
^tSS^D-r (h't-rD-7) CO Bodipy ©flBKMftfafct 5 ' «fcu„ 

C ft e> <Z) X e> , * lifl CD T' fetifll f 5 tft fil /il ra- 7'<D & T- it ft (O 
b<D\±, Bodipy/Cy5 *^ft&&<D%\fr&toK£\^Tn\^fr*i(D~e. m<kik£<D 
;W-7*iJ«y K^lCjyUT Bodipy t Cy5 rt\fti£r Ut u S 7 * U KUn* 4 *- * 

Z(D££, Bodipy. Cy5 "T ftfr<Dfe£tt^ft^ft^{£d'J}I - 7(0 «C 
I* liSE ft T u & o 
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2 o©mJt€*^ffl]©ggtt©»6 ***** < & D r ** ol^^u/i 
^■fe>*^ffl (Bodipy) j fc*r*sfe<7)* ffifflU C^CT^-tr^-g^ 

K^^=>^*ffls«rir4*©-stt^^ aOTtUTN Bodipy 493 

/503 t Cy3, Cy3.5. Cy5 **a**fc*fcfl** L £ 0 

a® Bodipy (Molecular Probes Inc.) C y5.5. Cy7 (A^ershan,) ttt/g 

"Jftl-CfcSo 0H*fcf, rBodipy-TMR.Cy5.Sj r Bodipy - TR> Cy7j 

TBodipy 493/503, Cy5j 0>&*&t>it 

T^5, ^^TO^LTl^o Tfiodipy^MR, Cy5.5j r B odipy-TR, Cy7j 
<0«l**fc*tt, bodipy 493/503, Cy5j J:H^Mi:Lt, 
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otgizit, m : &§:® z mm t system x$>% 0 

o^Lh^^Xh^ ((213#JJS) o 
( 1 ) *&tBffl7*D-r£fl:M-f £o 

(4) f&&J3 7'D-7^7^^7-*-&:i|^ . 

(5) (3) T:mfeLtzmft$m±i-7't (4) x~mfeLtzmftfrmi3-7-zkt 
7D- 7'M^mz &(* ^m^(D^ih(D\k^ 

* w c f£ ;b s $ iii ;h r □ - 7* & <£ m& in # & & . 7* □ - y ftmm* C *t L X 

-X m m X $> £ m f'-l - £ ti t > T * . Mfife^CD # # £ & fti ii£ T fife ti i *T fi I £ f & % <T) X &> 
So §4(C, f<fettl/n7-a-7'i: UT, Bodipy/Cy5 OSiJtfi^wai^btSil] 

a <o , zv>m<Di&mf&Lff 1 2 xth '6 h (D&i&m Ltzt #<b*s&*^To 
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hDNA£*;t,ttT? 0% hDNA^ira**^*©) , 1%, 3%, 5 



r =-At/(ln(D,/D 0 )) 

D. : 5-9 ^-y^l^ligSsgtis^smAa 
At = 4 ns 

cr=rx (-ln(D,/D.))/(l/D 0 + l/D,) 1/2 
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5£3 



yn-y : B0DIPY/CY5 (2*05, n=12) 
A t/ a Ar 



IX 3% 5% 20% 

7.09 12.10 17.14 36.02 



£L4b£^<is&£itm[sTs ymmnzki*? &^ 

tgyc^^^ h;K9'£ft:<D*$£tts Bodipy 493/503 <D*8}fe©^X$c:S (517 n 
m) T~<Dmft&m. (Id) h Cy5 (667 run) TrCD^^ ( I 

a) I a/ I d. Sfctt Bodipy <D'&9t<D : tiL§c.t& (0"Jx.ti 510-560 run) 

T*<Z)iE#33iJEi: Cy5<2t£ft']&/&^$.Ri$ (f^lx.^ 650-700 nm) T^ft f &J£© 

S / N (i A 1/ <7 a > c£> h Id £ ft 5 « 

A l = L/I b (* -'/•;/ hDNA^^trSJ:*4)-I./U(n > h d-;u) 
ct = (L/L)x(1/I., + 1/U) 1/2 
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3*4 



y'n~y' : B0DIPY/CY5 (2*®, n=12) 

1% 3% 5% 2Q% 

A (UU)/o. r , V-*tt 0.18 0.51 0.78- 3.05 

A (U/I„)/cr. PJ «#Jt h08 3 16 4 45 J6 



*f LTttttjfflTD-wjiOia « fc^CLt^t^ W # * & o> m {ft ft # J: 



O o 



KI3 6t±. *«Wt»fc*«^ttttJfflrn--7* J J:^ili*iSSffl^ T RN 
A co W- 1£ £ tc *ffc U T * - 7 < ■ * , T , , < c ^ ^ ^ 5 ( n 
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#&S8tCfll;bSXD-XeDJfoffi 

1216 AC^£ft£<fc-5£ N DNA±T-2 0(^)7D-7tfn^ 7''J^Xfl)fii 

2oc7)XD-xy:P£l£U-<:;W XU X-f X.Ltu5fe^i^i^ 

— ^Stotf* £ mfr&frft&cz t 2 o^xd — xtti&ftfcfW.fc'W x »j 

NAWrJtfw xu x-t x-rs^^sffifflr^iis m<fr&^#&#6h 2o<dx 

a — XftTOgLTvW XU X-f XL ll^-frmftti # DNA©WSSIi 

£ * — fc @ &i]CD D n a Wftf-£lii**&tr # £"£*«jjh<* n s />\ «Eimc{£.t> 5 
®tu/nxo -x*$ <fctmw# ai£&jn*ttfct\ .TO^fifeM-Uii x=»— x^jjnx. 

tf£3o El 7 £ /Tn £ ft S <fc ? £ * *Fl<^&t?DN At&f^CD-7j W^'CC-^COXd - 
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1 • ^. l .H^j7'D-7" 

( 1 ) ro-rcDt^ 

WTWl^^^UDDNA^, DNA/RNAy.>tm-- (Perk 
in Elmer: Model 394 *fctt Perseptivc: Model 18909) fcffl^T. J3 $>7 



N 1 : 


5 ' 


-GCT.ATGACCATGXTTAC- 


• 3 ' 


N 2 : 


5 ' 


-GCTATGACCAXGATTAC- 


■ 3 ' 


N3 : 


5 ' 


-GCTATGACXATGATTAC- 


3 ' 


N4 : 


5 ' 


-GCTATGAXCATGATTAC- 


3 * 


N5 : 


5 ' 


-GCTATGXCCATGATTAC- 


3 ' 


N6 : 


5 ' 


-GCTAXGACCATGATTAC- 


3 ' 


N 7 : 


5 ' 


-GCXATGACCATGATTAC- 


3 ' 
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±337*0 — 7N 1-N7T-, Xt± Uni-Link AminoModifier (CLONTECH Laborato 
ries Inc. Code No.CL5190-l) %7jit 0 

N 8 : 5' -AXCGCGCAATTAACCC-3' 
N9 : 5' — A G X G C G C A A T T A A C C C — 3 ' 
N10: 5' -AGCGXGCAATTAACCC-3' 
±I'l!7*d — 7"N 8 - N 1 Ot> X& Uni-Link AninoModif ier£^t~o 

Nl 1 : 5' — XAGCGCGCAATTAACCC— 3' 
±32 7*0 — 7*N 1 1 X's XB\ 6- (MJ7WD'7-fefik7-y) 
(2-v7>xf;i/) - (N, N - v-f V 7*d £;t/) -W*n7;^ h (T 
FA c^^r-f-y — )\sT X >'J >£ — „ ^-Jp>x^7-y + ^> : Cat No. 40080 



8) S^-fo 








N 1 


2 : 


5 ' 


— XCCATGATTAC— 3* 




N 1 


3 : 


5 ' 


— XGACCATGATTA.C— 3' 




N 1 


4 : 


5 ' 


-XTGACCATGATTAC— 3' 




N 1 


5 : 


5 ' 


-XTATGACCATGATTAC-3' 




N 1 


6 : 


5 ' 


-XGCTATGACCATGATTAC— 


3 ' 


N 1 


7 : 


5 ' 


— GCTATGACCATGATTACX — 


3 ' 



±S27*D — 7*N 1 2 -N 1 7 X, XfcL TFAc^^/-;b7;>'J>A-5 

TSK-GEL DEAE-2WS (4. 6 mmf*lf£x 2 5 0 mm 
§ mm U ft!0.8ml /4h iSJ& 4 0 #Mlfi HCOOHNH.ig 
lil- 2 0 % C H n C N X& 9 > 2 60n m 0) iR X f tfe L to HCOOHNH,^ 
BCfcts Arfjt : 0.2M HCOOHNHu B r& : 1 M HCOOHNH<tf)2o£> 
iSffl^I^Itfcg?* o d i: X f1-: 0 „ B i&<0\kW : 3 5 % - 8 5 %/ 2 0 7>« 
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(*>) 3DN A<D Bodipy 493/503 mm 

*U=fDNA (N8, N9. N 1 0, Nil) * Bodipy 493/503 
Ltz Q 

NHSS(N-Hydroxysulfosuccinimide, Sodium Salt) 2.5mgS 3 0 u l 

EDACd-Ethyl-S^S-dimethylaminopropyDcarbodiimide) 5m 
5 0/zlo«ai7k<C^n^njS*Ufc. Bodipy 493/503 Vd t 

fcfcnfcfcfc*, «£Gg^.;zrDNA*0.5M Na,CO,/NaH 
CO,tt»« (pH9.3) 3OO^1M U ^ 0 ^ U «*OT-*fi 

tt, *4tttt«*^A, CAPCELL PAKC18 ( 6 mmflgx 2 5 0 m 
m£&) fc&'fflU StSilml/^ rS/i£ 4 0^ #8MHttC H a CNfcBd- 5 
mMTEAA, T '* D % 2 6 0 n m<BW*iRT{fttiJ Lfc. CH.CNim Afft 
:5%CH,CN, Bi:4 0% C H , C N<7> 2 o*)jStt<BiS£tt£g* « - ^ 
WrtLfc. B«Ott*:3 0X- 8 0X/2 0»O4 3 Eft ttfflL fc - ^ ufc 
t'-^M;^ h^Sffl^u 2 6 0 n m ©MtH-£l©»M (4 9 3 
nm) ZM&Ltzo d tl <b & Mfc^M L X mf L tz , 



BPO (Nl l©Bodipy493/503 fflJttft) :5 ' - X A G C G C G C A A T T A 
ACCC-3' 

BP1 (N 8 O Bodipy493/503 : 5 ' - AX C G C G C A A T T A A 

CCC-3' 
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BP 2 (N 9 CD Bodipy493/503 Jj&sftUO : 5' - A G X G C G C A A T T A 
A C C C - 3 ' 

BP4 (N 1 OCO Bodipy493/503 ffliStiO ■ 5 ' - A G C G X G C A A T T A A 
CCC-3' 

±IBT- XOu U>*-^Ut Bodipy 493/503 Ufc ?>o 

(tMJ ijDNACQ F I TC*SI8) 
t'J^DNA (NIK N 1 2, N 1 3, N 1 4, N 1 5. N 1 7) * F I 
TC (fluorescein isothiocyanate) (MoJ'jcular Probes) &MX"WM L-fco 

F I T C 1. 5 mg&DMT 1 5 0/ii tigPbfco S^ll/M 'J =F 

DNAS0.5M N a a C 0 3 /N a H C 0 3 ^2Bff^ ( p H 9 . 3 ) 3 0 0 /z 1 (c 

i£SM*i'D-7hy7 7t:fflhfclfeftl4, K$.fttl*7A, CAP CELL 
P AK C 1 8 (6 mmrtgx 2 5 0 mmig) t> «t3& 1 ml/^ ?Sl£ 

4 OIs & Hi/jftl fcfc C H 3 C N £JiSii — SmMTEAA, T*$>(K 2 6 0 nmOiRiR 
T-f^a'.Lfeo CH,CN£lKJte. A$ : 5%CH a CN\ Br# : 4 0% CHiCN 
cD2^C0ig^C0rl€ri:t^^:x.-5)C^-C'^^Ufeo BftfOtfc^ : 1 5%'-6 5%/ 
2 0^co£ja££{£#] Lfco t'-^TO;*'-^ HU&flPI&U 2 6 0 n 
m<7)»M£!lift&&CQTO (4 9 5 nm) fclft&JUfco en £ LT (S 

ft Uto 

5 F (N 1 1C0F I TC») : 5' -XAGCGCGCAATTAACC 
C- 3 ' 

5F10 (N 1 2<BF I TCfSaSMO : 5' -X C C A T G A T T A C - 3 ' 
5F12 (N13C0FIT CttiaUMO : 5 ' - X G A C C A T G A T T A C - 
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3 ' 

5F13 (NHOFITCI^) : 5 5 - X T G A C C A T G A T T A C 
-3' ' 

5F15 (Nl50FITC*«ft) : 5' -X T A T G A C C A T G A T T 
AC- 3 ' 

3F (N17CFITC«»ft) : 5' -GCTATGACCATGATTA 
CX- 3 ' 

±IB-e Xtt, y>*-**LTFITC#«£Ufcfc©'T?a5o 

(^'JnDNAO XR I TCWM) 

*'^DNA (Nll)SXRITC (rhodamine X isothiocyanate) (Mol 
ecular Probes) fiJJItftliaufco 

XRITC1.5mgSDMFl 50 vl Ctl^ |gHLfc*iJ 

D ' DNA ^°- 5M Na 2 CO 3 /NaHC0 3 « ( P H 9.3) 3 0 0 ^1 

t&MLtzmmumGL. ^-ytLr~m^^^tc 0 £fc»£^*»u-r*fi 

mn^mm^a-Th^^yizm^tzmm^ n^mmn^L^ capcel 

L PAKC18 (6mm^x 2 5 0mm$5) Steffi U Stig 1 m 1/*K 
ifflffl4 0flS, »a6ffittCH,CN^ffi-5m'MTEAA, 260nmO 
IftJRT-^ilSLfco CH,CN$3B2tt, Att : 5%CHnCN\ Bi<£:40% CH, 
CN©2ooi«f«Oiii^Jt*^sc:i:-c-f1^l.fc a B#«<&Jt¥ : 3 0%-8 0 
%/2 O^lgS^^/nL/io ^Utf-^M^^I-Mi^u 2 6 
0nm«>:^«©M (5 7 0 nm) Sflk'SSLfco ^ft6£umfc«SL 



5R 1 6 (NIIOXR ITC») : 5 ' -XAGCGCGCAATTAA 
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CCC-3' 



*U3'DNA (Nil) £ Cy 3fe3fcT-tSi»Ufco • 

lf-a-7©Cy3fi^ (Amershanu FluoroLink Cat. No. PA23001) $100 
U 1 (DM.M7K^mmLtzo ^@bfct'JJDNA$0.5M Na : CO 

3/NaHCO,M (pH 9.3) 2 0 0 u 1 Kig-fl? LfcMtg^ U 

B£MiSi*-5 A s CAPCELL PAKC18 ( 6 mm 1*1??. 
x 2 5 0 mrn^S) ^ffl «E8 1 m 1 r,l£4 0£, ^fi&ffltt C H.-, C 
N£jE- 5 mMTE A A, T'&O, 2 6 0 n m^M-efcftifci L£c CH 3 CN*U 
ffiJHu Ar& : 5 % C H 3 C N. Bi& : 4 0% C H 3 C N © 2 o<2?&?#<9rS-£rit£ 
£x_oC«b-ef1^Jcb£o Bf^Ohb* : 1 5%-6 0%/2 0#<3£jgS&{£ffib;t:o 
^Ufc t: — ^OiM^^'Hl/SiM^U 2 6 0 nm©iM£2i>tefe£<Z)M< 
( 5 5 0 nm) &fitSbfc<» £«KStf&«fcOTf$ft Lfco 

5Cy3 (Nl 1 C7} C y 3 W.Sfflf*) : 5 ' -XAGCGCGCAATTAAC 
CC-3' 

±BBT* Xtt> 'J >ft-£^>UT C y 3 * s *S£rLfc&<3T-3&So 
(tf U =3 D N A CD C y 3 . 5 

* U =J" D N A ( N 3 . N 6 . N16) & C y 3 . 5 te^T-J&ffi L o 
lfa-r0Cy3.5fcj!i (Amershanu FluoroLink Cat. No. PA23501) *: 1 
0 0 >u 1 (Di^il"7K^i??f)WU^o cn&, liOTLfc* U - r D N A* 0 . 5 M Na, 
COj/NaHCOjiii (pH 9.3 ) 2 0 0 1 (z jft L tc #i ihiSaU 
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® IIWD7h^ 7 |:^ EL&m* tt St U fc o ittffl * □ ^ h ^ 

7*=ffll^*ff:«4 % ^ft^vA, CAPCELL PARC 18 (6mm 
f*H£x 2 5 0mm±ft) fcffiffl U ««lml/^ fi*4 0«, MMittCH 
3 C NfiJlH— 5 mM T E A A N -e*D. 2 6 0 nm«« U ; o CH,CN 
Slffitt, Ai:5%CH 3 CN, B$:4 0% C H , C NO 2 o©fe»©ffl^J* 
*&*Sc:i:T?ffc*Ufc 0 Bi«: 15%-6 0%/2 0^©4g|B*ffifflL 
fee »«H,fct-^o»JR^^^ h^^M^U 2 6 0ninO«iRi:at*fi*ffl 
«M (5 8 lnm) ftBISLfco -ft€»*ura««LT##Lfc. 

Cy 3 5 8 (N3<DCy3.5» : 5 ' -GCTATGACXATGA 
TTAC-3' 

Cy 3 5 1 2 (N6©Cy3.5W) : V -GCTAXGACCATG 
ATTAC-3' 

Cy 3 5 1 6 (Nl 6 <& C y 3 . 5 fcft*) : 5' -XGCTATGACCAT 

GAT T AC— 3' 



(t'J^DNAO Cy5lll) 

?ti)oDNA (N1/N2, N3. N4, N5, N6, N7, Nil, Nl 7) 
£ C y 5 fc^T^^L^o 

1 fl ~ 7£DCy (AmershanK FluoroLink Cat. No. PA25001) £10 0 

^l®«ffl*tC*«Lfco SeEaLfc*«Ji/DNA*0.5M Na,C0 

3/NaHC ° 3 ™ (PH 9.3 ) 2 0 0 ullz®MLtz®Wt®£L, 
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&££*±8!i*7 A, CAPCELL PAKC18 (6mmft® 
x 2 5 0mmM) £<£ffl U 8t&lml/;8\ iSK4 0jffi, WlliCH 3 C 
N£j|E- 5mMTE AA> T*£>*K 2 6 0 nmto?&iRT-^£ti Ufco CH 3 CN£] 
iEteu Aft : 5%CH 3 CNs 'Bfft : 4 0% C H 3 C N© 2 OCDiS?S<Big^Jt£ 
ti5Ci:t-Mlto BfSGDit* : 1 5 % - 6 0 %/ 2 0 #<D£j'K*Gtiffl Lfco 
^Ufct-^ODiRiR^^^ h;i/£8H^U 2 6 0 n m©n£j&<bM}tfe^©n.M 
( 6 4 9 nm) SffitsSOfco ^tl5> UT0ft??Lfc« 

Cy5 4 (Nl©Cy5W) : 5' -GCTATGACCATGXTTA 
C- 3 ' 

Cy5 6 (N2®Cy5W) : 5' — GCTATGACCAXGATTA 
C- 3 ' 

Cy5 8 (N 30C y 5&2ttflO : 5' - G-C T A T G A C X A T G A T T A 
C - 3 ' 

Cy5 9 ( N 4 CD C y 5 IfUSHfc) : 5' — GCTATGAXCATGATTA 
C-3* 

Cy5 10 (N5®Cy5 ^MftO : 5 ' — GCTATGXCCATGATT 
A C- 3 ' 

Cy5 12 ( N 6 © C y 5 WH&ifc) : 5 s " -GCTAXGACC ATGATT 
AC- 3 ' 

Cy514 ( N 7 CO C y 5 f#,1«£f&) : 5" -GCXATGACC ATGATT 
AC- 3 ' 

5Cy5 (Nl 1 CD C y 5 ISf*) : 5' -XAGCGCGCAATTAAC 
C C - 3 * 

3Cy5 (N17CCy5 JMffc) : 5' — GCTATGACCATGATT 
A C X - 3 ' 
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(2) mki&D N A 

WT©iMSi2?{J£&o*>J:=fDNA£, D NA/RNAy>tt'--i' if — (Perk 
in Elmer: Model 394 Perseptive: Model 18909) %m^Ts /3^7>;3l 



TO : 5' -GGGTTAATTGCGCGCTGTAATCATGGTCA 
TAGC-3' 

T2 : 5' -GGGTTAATTGCGCGCTTGGTAATCA'TGGT 
CATAGC-3' 

T4 : 5' — GGGTTAAT T G CGCGCTTGGCGTAATCATG 
GTCATAGC— 3' 

T6 : 5' -GGGTTAATTGCGCGCTTGGCAAGTAATCA 
TGGT CAT AGC- 3 ' 

T8 : 5' -GGGTTAATTGCGCGCTTGGCAAAA G T A A T 
CATGGTCATAGC— 3' 

T10: 5' -GGGTTAATTGCGCGCTTGGCAAAAAAGT 
AAT CATGGTCATAGC- 3 * 

T12: • 5 ' -GGGTTAATTGCGCGCTTGGCAAAAAAAA 
GTAATCATGGTCATAGC-3* 

T 1 5 : 5' -GGGTTAATTGCGCGCTTGGCAAAAAAAA 
AAAGTAAT CATGGTCATAGC- 3' 

T20 : 5' -GGGTTAATTGCGCGCTTGGCAAAAAAAA 
AAAAAAAAGTAATCATGGTCATAGC-3' 
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ttl!|>tj7A, TSK-GEL DEAE-2WS ( 4 . 6 mmi^gx 2 5 0 mm 
±-K) £&«U 0 . 8 m 1 i§S4 0^ ^MliHCOOHNH/A) 
12- 2 0°/oCH 3 CNt-$)Ds 2 6 0 nmOMT-*£m Ufe 0 HCOOHNH/a) 
SJfci\ AM : 0.2M HCOOHNHu Bi : 1M HCOOHNH^2o© 
?gf*OiS^-]:b^^x.-SChT'{fJ5j(,Ufeo Bi&CDtt^ : 3 5%-8 5%/2 0^© 

( 3 ) l^iilffl7D-7i: DNAi: tfV W 7" *y K JBfiSu *5 «fc VJftiM 

Kt-7D-7i:7^-fe7^ -rD-7"fr 6&&-*fltf)f£itJffl7'o-7* 40 pm 
ol (K;*- — 7'o — 7\ T'^-tr 7*£-7'D — 7'&^ 40 pmol) £: &tfcffc D N A 40 
pmol lOmM Tris-HCl pH7.4, 140 mM NaCl 10 /zl ^"CHrST- 5 #|Sl?g£r 

^7 ( -Y ^" >5c^H PLC) Ci^ A^'J'Vh'»IMlto -f5*->£iftffi 
5&Mf£7 h V s ? 7 \z.Ri\,st-M*&. jKv-ti*7A, TSK-GEL D 
E A E - N P R ^fiGil] U 1 m 1 /*K" NaCl 2 0 

mMTris-HCl ( p H 9 . 5 ) T-£> 0 N 2 6 0 nm(D*&i&& £U : m.ft : &l& 

<D'iM<73lI*&^) TW. Lfco N a C 1 tJ2EUu AM: 2 0 mMT r i s - H 
CI ( p H 9 . 5 ) , Bi: 20 mMTris-HCl ( p H 9 . 5 ) , 1 M N 
a C 1 <D 2 ^<Dm&<Di&&)£&&x.ZC. LT'ft-lvLL* WTi: ^f^M-SGtiffl Ufco 

0 - 2 Bj#<Btb# 2 5 % - 4 5 %CD 7'^ *>*x > h 
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2 - 1 2 ft B &<Dttm 4 5 % - 5 5 ^5 yx > }. 

12-13# Br&(Dttm 5 5 %- 1 0 0 %(D?5 is 



flf, F-4 5 0 0) . =-*»*-&Wj&1s2T^ZZb.ZWm[,t Zo 



(4) t\<i -7*) y b'<k<vmftffimii-7'(DM7£ 

Xzifl>mytmtirM&&lBL C 4 7 8 0 *) 
©Jig*® 

1 TJVO'yU— *f —m&?- $ > V 7 7 -< 7 is —*f — h =77 4 'J 
"J 7 7.) 

7J\,3>4 is— if— ^^ ;l/2 080 
T-FD77f^>tf77-f7l/-f- TSUNAMI 

2 gjja-fe^b — tr— (u_.+f_^ j. ->>^) 
jgb— *f— tf;i/LNl20 0 



COUMARIN307 



(a) K^-itftft^ Bodipy 493/503, 7^-b^-MM$ Cy5 fcu, 
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z$liiU ;W 7'J >y K(tt*J^S^^fetRft3<7)iS3IIS (n) £n = 4, 8s 
10, 12, 14, hL££#<£>, 7^-1:7^- O^ft&M ( 6 5 0 - 7 0 0 
nm) (DMit%i>M±i-7'o 

Bodipy 493/503 t± K±— 7*o — rtc&i^T 5 ' 5fcSii!©(fi!Btc, Cy5&7&* 

r ^ — 7* D — y'(,z & V \ T "*» B3 gtt (CARS* $ tit ^ £ o 
SMft^D7h^7 7 (HPLC) CiS^-f ^'J y YW-<DfttH • 

K*-7°n-7* 7*t7°*-7°D-7* N A H P L C T' <£> tB B# Pal (#) 

BPO Cy54 TO 5.89-6.40 

BPO C y 5 8 TO 5.82-6.14 

BPO Cy510 TO 5.90-6.23 

BPO Cy5 1 2 TO 5.97-6.40 

BPO Cy514 TO 6.03-6.49 



ywr'j-yh'* 2 -DCDm^m^mm^m (n) m^ws*-?' 

BP0/Cy54/T0 n=4 0 9 

BP0/Cy58/T0 n = 8 El 1 0 

BP0/Cy510/T0 n=10 011 

BP0/Cy512/T0 n = 1 2 12112 

BP0/Cy514/T0 n=.14 013 

BP0/Cy510 (2M%iV>7v-7&i&&{,ti*)<D) 014 

ISMS it : 7< T is— *f— 480nm (0 9-0 13) 

if— 4 9 0 nm (114) 

v&$t<DWL'£$L&& ■ 650-700nm 

r BPO/Cy5 1 Oj is, BPO 40 pmol £ C y 5 1 0 40 pmol 20 mM 
Tris-HCl pH7.4, 0.5M NaCL 200 u\ IZttfr [sfzW&T"& £o 
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(b) K Bodipy 493/503, 7$ -fe 7* C y 5 £: U 

>W y K^{c*(tsm>fcfe*ia©ffiS» (n) $n=10tU M7'Jy 

*»©iS^*:Lfcfc£<&, 7" ( 6 5 0 - 7 0 Onm) © 

t^S*-7'. Bodipy 493/503& h-^-rD-^&^T 5' jfciKCD&Eic, 
C y 5 & 7- £ -fe 7* * - 7* □ - 71Z & ^ T cf fflgB K ff fg£3 ft T l ^ 0 

Ki$fS<*:^nVh^-5 7 (HPLC) £«fc y b*#©#gf'- 

Kt-7°D-7* 7*t7°*-7"D-7* *&#:DNA HPLCT-OigmB#^ (#) 

BP0 Cy 5 1 0 TO 6.0 1-6.5 1 

BPO Cy58 T 2 5.63-6.24 

BP0 Cy56 T4 5.55-6.24 

BP0 Cy54 T 6 5.99-6.42 



m^-t-ij y k# --*ffiffii£££:Sig&f& (gap) m«^*-7 

B PO/Cy 5 1 0/T 0 0 m 1 5 

BPO/Cy 5 8/T2 2 El 1 6 

BP0/Cy56/T4 4 11117 

BP0/Cy54/T6 6 El 1 8 

BP0/Cy5 10 (2mW(D7'a-7Zi&<&^f z i ) (7)) mi 9 
Wr&Vt : £>tf 7 7"f 7-U-lf— 4 8 0 nm (121 1 9 ) 



S-fe$U--*f— 4 9 0 nm (121 1 5 -HI 1 8 ) 

mftMl£MJ$ : 650-700nm 
r BP0/Cy510j It BPO 40 pmol £ C y 5 1 0 40 pmol 20 mM 
Tris-HCl pH9.5, 0.5M NaCk 200 jul izfefr L fzUMV &> 3o 
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(c) Fi-—mit&m& Bodipy 493/503, 7>? -fe 7 9 -mftfesg^ C y 5 t U 
/W y K^(cio(tsm^:e^PB t ]cD^Si& (n) £ n=10hU 

U /W7'J5» K#tz*jl>T— (ICftt Bodipy 493/503) ©*H 

©tfcBCfcfLT, 0 (7*o — r©5fe4|BaJto) . 1, 2, 4IS!intliIi:%5 
fc£<&7£*r* (650-700nm) Ol)fciS*-7"o Bo 
dipy 493/503 fcfc K^-ro-ric&VNT 5 ' pfciSaHiB (BPO) £££4^ 
§15 (BP 1, BP 2, B P 4 ) Cy5li7^t7^-7o-7(:i!^t*P B i 

I»^OTh^7 7 (HPLC) (Cct S^W y Y&CDfttg. • 13 $£ 

r ^ 7 « D _ 7 * mrt-rv-v mfrmu.. hplct<£>?§;±jot (#) 

BPO Cy510 TO 6.01-6.51 

BP1 Cy59 TO 5.52-6.12 

BP2 C y 5 8 TO 5.4 5- 5.99 

BP4 C y 5 6 TO 5.46-5.91 



BP0/Cy5 10/TO 0 020 

BPl/Cy59/T0 1 021 

BP2/Cy58/T0 2 S22 

BP4/Cy56/T0 4 C?l 2 3 

BP0/Cy5 10 (2MM<D7 , a--7%m'Ptlstzt><D) El 2 4 
mU9t : >V7T"(7ls—yr- 4 8 0 nm (1212 4) 
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— 4 9 0 nm (120 -ffl 2 3 ) 

6 5 0 - 7 0 0 nm 



BPO/Cy 5 1 BPO 40 pmol i: C y 5 1 0 40 pmol £/20 oH 

Tris-HCl pH9.5, 0.5M NaCK 200 fcfcfr UfcKft-C* 2 . 



(d) K^-lgft£f£-£ Bodipy 493/503, 7^t7^-^g|^Cy 3. 5 i: 

5ttft-*«i:U M7'Jv K#«c*»4^Mfifi*IW©fflaiaS[ (n) 4n=8, 

12, 16, £ {.tctgcD, -r^^zy^-com.yt^mm (600-650nm) 



«^07h^7 (HPLC) 

* $tf&i&DNA HPLCT-ODigttJPSIH (#) 



BPO 
BPO 
BPO 



7£t7°?-7°0-7 

Cy 3 5 8 
Cy 3 5 1 2 
Cy 3 5 1 6 



T 0 
T 0 
T 0 



5.56-5.93 
5.74-6.35 
5.65-5.85 



BP0/Cy358/T0 n = 4 



n = 1 2 
n = 1 6 



E?l 2 5 
[212 6 



212 7 



£212 8 



B P O/C y3512/T0 
BP O/Cy 3 5 1 6/T 0 

BP0/Cy35 12 ( 2mW[<Dya tz ^) 

ISj^gJfc : f ^>^7?-f ?|/- if— 4 8 0 nm 

m^<7)8W5&ifJtfitji : 600-650nm 
r BP0/Cy3512jll BPO 40 pmol tCy 3 5 1 2 40 pmol 20 
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mM Tris-HCl pH9.5, 0.5M NaCK 200 jul\ iz&fr LfcS£*4T-& h e 

■ (e) Y±— I T C, T^-ty^-m.^m^Cy 5 fcU ^4 7 

hU A-f 7«J -y K^(ciJttSM^e3RBacDJgSiSc (n> £ n = 1 0, 1 2 i: L 
£££<7X 7d7-br^-©^5K*Jac ( 6 5 0 - 7 0 0 nm) 

SSEifctt* D7^77 ( H P L C ) £ £ 5/W 7" 'J y K • MM 

K*-7 o 0-7* 7W9-ru-V tfctfcttDNA HPLCT-<D}&£tiM (#) 

5F10 5Cy5 TO 8.12-8.89 

5F12 5Cy5 TO 6.27-6.73 

;W7UyF^ 5F10/5Cy5/T0, 5 F 1 2/5 Cy 5/T 0©t 
— 7"£'ffli|;£Lfco o > h □ It T5F10 40 pmol t5 

Cy 5 40 pmol?:. 20 mM Tris-HCl pH9.5. 0.5M NaCK 200 lzf&frLtzt£ 

■JSfijgJt : M^-fe^u-lf- 4 9 0 nm 
ffi#<7)8|i|&&&$ : 650-700nm 

(f) h't-tM^FITC, 7^-fer^-Mte3KSCy5i:U 7" 
U >v h*{fc(c#ttsmftfe$j!>**£&UT^* 2 0^7 ? ^ hTn r ]co^3i!i<£-">KJi'i 
£:U 7"U y \*mz&VZmK&mi&\V>&iM : & (n) £n=l 2. 15, 2 
0 t LtztZCD, T ? 7'5> -~<Di&KW&r& ( 6 5 0 - 7 0 0 nm) Ot&ittfLU 
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nmmfrtn-? vv^? (hplo ic^yw ru v v^o^m. • mm 

5F 3Cy5" T12 8.9 6- 9.5 2 

5F 3Cy5 T 1 5 8.76-9.49 

5F 3Cy5 T 2 0 8.87-9.26 



5F/3Cy5/T12, 5F/3Cy5/T15, 5F/ 
3Cy5/T20, CDi*7fe^*-;7-£$j;£ U£ 0 g-fc, 3>hD-;^LT 
r 5 F 40 pool h3Cy 5 40 pmol 20 #1 Tris-HCl pH9.5\ 0.5M NaCK 2 

®J^yfe : >+f7 W if— 4 8 0 nm 

*S#<Z)ffl!l£ifc:Si8 : 650-700nm 



fcU >\<< 7"V -y Y&^&\-f*m.9t&&?$<D&mWL (n) £n = 1 2. 15. 2 
0£:L£:>£^ 7*-fe7*-<0IB#$gjs8 ( 5 8 0 - 6 3 0 nm) (DniitiL 

73 — 7 



iKMft ?d?^77 (HPLC) (C £ 3 / W r U .y KttflDfl-jSf • fl/Sg 

vt-vu-r mr?-7 o v-i - ^^dna HPLC-eoDfSiisiK/Rsj 

3F 5Cy3 Tl 2 7.4 5 - 8.2 9 

3F 5 C y 3 T15 7.22-8.47 
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3F 5 C y 3 T20 7.18-8.07 



M7'J-n'^ 3F/5Cy3/Tl 2, 3F/5Cy3/T15, 3 F/ 
5Cy3/T20, ©^M^^-^^iW^bfeo Zfz, 3>hD-;vhUT 
r 3 F 40 pmol t5Cy 3 40 pmol 20 mM Tris-HCl pH9.5. 0.5M NaCU 2 

Wl%L?t:?-$yy-7?4T\s—*f— 4 8 0nm. 
MftCDMfe-%L&t& : 580-630nm 



(h) K^--^t£5fc£F I T C\ 7^-b7'^-Mfi38SCy3i:U 

£U M-f 7' 'J * K&t:fctt£itft.&« l jtf)i&Sg( (n) *n=10, 13, 1 
5, £ Ufcfc £(7X 7^t7^-«Mi| (580-630nm) (Dgfti$ 



Mm&ifc? 7 (HPLC) Id J: S ^ * 7" 'J -y h'^OD^Wi • *f SKi 

F^-7p-7 T^^r^-^D-^' l&fcfettDNA HPLC-ecDiftttilUffMI ('/>) 
5F10 5Cy3 TO 7 -. 5 4-7.75 

5F13 5Cy3 TO 7.23-7.45 

5F15 5Cy3 TO 7.24-7.76 



M7'J>yK(*: s 5F10/5Cy3/T0, 5F/5Cy3/T0, 5F1 
5/5Cy3/T0, W m ft $ - "7" £ & Lfco 3>hn-;itLT 
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r 5 F 1 0 40pmol t5Cy 3 40 pmol £ N 20 mM Tris-HCl pH9.5. 0.5M NaCK 

B&ft 77 *fT\s—*r— 4 8 0 nm 

1&9t(DmMW.m® : 580-630 nm 

(i) Kt-iJlfig«4FITC, 7^^r^-Mfe*SXRITCi:U ^ 

-fry y Kf*{cij^i>M^^^^ruT^-5 2ocd7 ^ i/^-^ Kim<z)flfii£- 

^-fe^-OSbfc&gJgg ( 6 0 0 - 6 5 0 nm) ©ft^^S*-^ 

? n t h 7 5 7 (HPLC) tz&Z>JS'C7'*) y \t#LV>ftj& - mm 
Y1--7U-7- 7^t7^-rn-7 MMfrDNA HPLC©85£fc}l$ia] (#) 
5F15 5R16 TO 6.75-7.53 

7- 'J -y K^mJtjffiS^-T - /Wru^b'tk 5F15/5R16/T0 
Wffiftitf&*--r£jfflS?Ufco gifc, =3> hD-;ui: UT <~5F15 40 pmol 
£5R 1 6 40 pmol 20 mM Tris-HCl _pH9. 5, 0.5H NaCK 200 u\ CjgfrU 

©J*gJt : ^ >-9"7 r -f T U— if— 4 8 0 nm 
SS^OilW^MJS : 6OO-650nm 

(j) Kt-M-MFITC, 7^tr^-'M^^XRITCi:U ^ 
»i<hU /W 7''J -y K«:(z*j(tSm^e3gBa^ffi» (n) &n=4, 8, 1 
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2, 15, 2 0, £ LtztgCD, 7 V ^7 '9 —<D&it®L&M ( 6 0 0 - 6 5 0 n 

coafico^ttt, M&ttLfotni' h^7 7T-Mti>cii:^<> y'a-7 

> h P -)Vt LT r 3 F 40 pmol £ 5 R 1 6 40 pmol £, 20 mM Tris-HCl pH9 
5, 0.5M NaCI, 200 uHzfefr\stzt£Uj ©Mi^-T'Sil^Ufc. 7* 

Ifi/J&ft : >it7 ? 4 7 \y— If— 4 8 0 nm 
l£ft0)«i|£i&S#s :. 600-650nm 

K^" — 7*0-7' T?-fe7**— 7*D — 7" #U&<fcDNA 



3F 5R16 T4 

3F 5R16 T8 

3F 5R16 T12 

3F 5R16 T15 

3F 5 R 1 6 .'■ T 2 0 



(k) K^—m^cfe^ Bodipy 493/503, 7*7* 7$ -ffi>tfe&£ C y 5 t U 
;W7"'J >v Kfk££ttS^*fe&tofc!iS-b"C^5 2OC0.7 * U^t- K f /'.] CD M &i £ 
-MiiU Kflilc*5(tStlA)t&3SIHl©iSi£iK (n) £ n = 4 , 8, 

10, 12, 15, 20, t^tit*(Ds 7 0 -t 7" * - £) 1£ ft i$ ( 6 5 0 - 
7 0 0 nm) -7' c 

Bodipy 493/503 & h' — 7*t ^^t 5 ' ;£3iA!<Z>lftiE£, Cy5ti7^t 
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Mmi&fc? nv h?7 7 (HPLC) CJ:5A^7'Jy h'ft©M-i^ 



BPO 
B P 0 
BPO 
BPO 
BPO 
BPO 



3 C y 5 
3 C y 5 
3 Cy 5 
3 Cy 5 
3 Cy 5 
3 Cy 5 



T 4 


7 . 


0 2- 


7 . 


5 9 


T 8 


7 . 


3 7- 


8. 


1 0 


T 1 0 


8 . 


7 4- 


9 . 


3 2 


T 1 2 


8 . 


9 1 - 


9 . 


2 2 


T 1 5 


8 . 


8 3- 


9. 


1 8 


T 2 0 


8 . 


6 9- 


9 . 


1 7 



BP0/3Cy5/T4 n=4 m 2 9 



BP 0/3 Cy 5/T 8 
B P 0/3 Cy 5/T 1 0 
B P 0/3 C y 5/T 1 2 
BP 0/3 Cy 5/T 1 5 
BP 0/3 Cy 5/T 2 0 



n= 8 
n= 1 0 
n.= 1 2 
n= 1 5 
n = 2 0 



(213 0 
(113 1 
m3 2 
M3 3 
El 3 4 



(El 3 5 (is BPO 40 pmol tCy 5 1 0'40 pmol £, 20 mM Tris-HCl pH9.5, 
0.5M NaCK 200 /zl (ci&fr Lfc,i£*4<Bm)fcift8a — ^T-& So ) 
Jri/j*e>fc : >tf7?-f 7b-f- 480nm (III 29- (21 34) 



^-1f- 4 9 0 nm (035) 

aSJfcoaw^i&jSisE : 650-7 00nm 



2 . fife iti m y' o - 7' £ *f L T J@ *J {3 # r S tc * S «c CO f& 

( 1 ) 
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hg/Tf'J zf*£ U*?- K ( S -tf'J if) milE! r 1 . ffc£t}JE7*o-7\ ( 1 ) 

Bodipy493/503^1§£^r- UJDNA 

BPO: 5' — X A G C G C G C A A T T A A C C C — 3 ' 
Dl: 5' -XTCTAGTTGGTCTGTC-3' 
±§EB P O&cfc^'D IT*, Xtt Bodipy493/503 frl^ UT 

* 

Bodipy493/503^!SS -tT U =j 

D2: 5' -XTCTAGTTGGTCTGTC-3' 
±S2D2T\ Xtt, Bodipy493/503 LT^ tH £ c& "ptoTo 

C y 5$5f$M- U^DNA 

Cy5 12 : 5' -GCTAXGACCATGATTAC-3' 
Al: 5' -GCAXACTTCXTCATCT-3 1 

± t fSCy5 1 2 jo=ttFA 1 X\ X li C y 5 L t U 5 la I ^ $> 6 ^ t o 

Cy 5f^l^S-^U d 
A2: 5' — GCAGAXCTTCTCATCT— 3' 

J;/kiA2T\ XiiCy 5 <Dtt\'&MLm.*&> * 

(2) Mf^DNA. t«i*RNAtf)£rJjJ<, 

WT«|2JiJ^^«*DN A&ctm&i&ttRN A&, tfiSB r 1. fifcUiW 
7-D— y s (2) $t f-?? D N A (DtihUj (DmT-^-ZftfzmmzW.tT&l&Lfzo 
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S^*DNA (TO) 

5' -GGGTTAATTGCGCGCTGTAATCATGGTCATAGC 
- 3 ' 



WRNA (RT 1 ) 

5 1 -GACAGACCAACUAGAAGAUGAGAAGUCUGC-3' 

-y'n-y\ T 9 * 7* -y'n -7&* 200 pmoi) k.M*<D&<D&&#L£* s 2 
00 ul OlxSSCW (15mM Na 3 citrate pH7.0, 150mM NaCl) tyZ'm&L 

mxfrKK&m : a la&vtm f - 4 5 0 0 

: 4 9 0 nm 



mXX^t hJlsVmmjiS: : 5 0 O- 7 .5 0 nm 

v??m-mftMZL%® C4 7 8 0 mfcrfih=.?7) 

^ ^ ^ ) 

K d y 7 3- $ yy- 7 T j T v _ TS( ] NA _ MI 



7 l J-^X>y-f 7 7-/;^ XtU / ? ^ 



^ 7^3980 
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2 mm-&m\s-y- (u— if-* h-?*) 

M^b-if- ^r>LNl 2 00 
fe^ C OUMAR I N 3 0 7 

mft,*m&TZ%imW : 650-700 nm 



(a) faUdmrn-rtL UT. r Bo dipy 493/503 & K^-lSftg^ U Cy 

&&LXi,^2^<n? ? UX^ Fffltf-*mffim*£iO. MPltfr' 1 2 (n = 
1 2) TfcDs Bodipy493/503 tfiJ\<<-7*) y H ffc<D tsUftB0D{4{B£& & 7 2 U 
^ h* (c *£ i§r L T U £> j -|fl©^U3DNA$^ffll, mmt UDN AS^it, 
tic 



K*-7"Q-7* 7*t7°*-7°0-7- tfctfctt IS ft $i H ft - 7" I^X^^ 
BPO Cy512 TO 1*1 4 HI 5 



'MkftmMti-?- ([51 4) 



1 2 0 0 pmol 0 0 

2 2 0 0 pmol 2 pmol 1 % 

3 200 pmol 6 pmol 3% 

4 2 0 0 pmol lOpmol 5% 

5 2 0 0 pmol 40 pmol 20% 
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1 2 0 0 pmol 0 0 

2 2 0 0 pmol 2 pmo 1 l % 

3 2 0 0 pmol 6 pmol 3 % 
1 2 0 0 pmol lOpmol 5 % 
5 2 0 0 pmol 40 pmol 20% 



(b) Mffl7o-7'i:LT, r Bodipy 493/503 £ K ±-3£ftfe3| £ U Cy 
&i£rLTU5 2o©^ KPij^'ziW^^i: 0. Bodipy 493/503 

DN A£{£#IU ift^t LTRNA5M!t5o 

vf-r*-v 7ttr9-7 B u-7' tmfo mm mytmn-7- mm^tn 

01 A 1 RTl n=12 (2136 (337 

'i£fti$£l*/-7' ([213 6 ) 
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1 200 pmol 0 0 

2 2 0 0 pmol 5 pmol 2.5% 

3 200 pmol 10 pmol 5% 

4 2 0 0 pm o 1 40 pmol 20% 

mft^^Z b)l (d3 7) 

m^(D^j t^iUfflrp-ycofi »RNA©i git (m$.fc/7u-7) 

1 2 0 0. pmol ' 0 0 

2 2 0 0 pmol 5 pmol 2,5% 

3 2 0 0 pmol 10 pmol 5% 

4 200 pmol 40 pmol 20% 



1113 6 (c^^nr^^ct atftRN AcDrnftrnz-Ziz-DtiT. $$ii*>- 

7'&£ K)M< UZ> 0 Elfr£>. $l&m7a-7-&mki&RN Ad; D &*$£iJCife£ 
bt^5 £ is ^ T , tttffctt R N A CD^tti # W^T* £> £ d h H8 <b frT & S a 

( c ) Wltiimrn — rt IT, r Bodipy 493/503 £ - 1£ ft 3? t: U Cy 

U T ^ 5 2 -D <D 7 ^ b Tf- ^ K RiJ # - fcmWi'M Bod i py 493/503 ti</ > 
-fT-'J-v K<4:wyjii@<7){iLSt(3&5 7^ Utf*- Klcjyj&LTi^j -SHOD*** 

D2 A2 RT1 n = 1 0 (21 3 8 

(El 3 8) 
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1 200 pmol o 



0 



2 2 0 0 pmol 5 pmol 

3 2 0 0 pmol 10 pmo 1 



2.5% 
5% 

2 0 0 pmol 40 pmol 20% 
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%m<D&$ : 17 

h#p V— : GEfJitf 
la^JCDll^ : DNA 

♦ 

GCTATGACCA TGNTTAC 17 

Ic^'J^-Sf : 2 
S££'J<Dft£ : 17 

^ : mm 
mqcDmm : dna 

GCTATGACCA NGATTAC 17 

Sfi^'J#-y- : 3 
Si?'J£>&£ : 17 

v rn o is - : mm®. 

GCTATGACNA TGATTAC 17 
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iii^J^gcF : 17 

iwivrnm : DNA 

GCTATGANCA TGATTAC 17 

iC?'J#-9 : 5 
§W\(Dmg : 17 

mncDmm. : dna 

GCTATGNCCA TGATTAC 17 

iE?'J#s§- : 6 
Stl^'JCDS^ : 17 

htfn v- : mm 

ftmnrnm dna 

GCTANGACCA TGATTAC 17 

MZ<m*u : 7 
EW}<D&g : 17 
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%m (DM : *m. 

ftwicomm : D N A . 

GCNATGACCA TGATTAC 17 

mm^ : 8 

E5»J©g£ : 16 

iilSTOMiilfi : DNA 
ANCGCGCAAT TAACCC 16 

mm^- : 9 

Hl&Hn !££ : 16 

i^'d : mm 
ftmnmm :dna 

AGNGCGCAAT TAACCC 16 

iCJ»J«^ : 10 
&i?'J£)M£ : 16 

fiii*wjy : m& 
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&ffl(Dffim : DNA 
AGCGNGCAAT TAACCC 16 

n&m^ : 11 

iZ&}(DM£ : 17 

Emom : mm. 

la^'J c7)|l^| : DNA 

NAGCGCGCAA TTAACCC 17 

ft^'J^ : 12 
Sc^'J : 11 

SZ?iJ<D2i : 

iE^'JOll^ : DNA 
NCCATGATTA C 11 

EWm-u : 13 
&W(D&g : 13 

sn^se : mm. 
wm<nmm : dna 
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NGACCATGAT TAC 13 

mm>% : 14 

IS?'J©^$ : 14 

mwmm dna 

NTGACCATGA TTAC 14 

gfiSW^r : 15 ' 
gS#l<Z>£3 : 16 

h^Dy- : H!S# 
e^'J^MjSi : D N A 

NTATGACCAT GATTAC 16 

g£?'J#^ : 16 

BC*"'J£>££ : 18 
&m<D$l : 

ftmnrnm : dna 

NGCTATGACC ATGATTAC 18 
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ed?'J#-o- : 17 

: 18 

%m<D?d : m$ 

imcomm dna 

GCTATGACCA TGATTACN 18 

i^'J#-f : 18 
%m<V£k£ : 17 

h * o v - : qiii^ 
S^'JO||(]!?fi : DNA 

NAGCGCGCAA TTAACCC 17 

@a^'J#-t : 19 
St!?'Jtf>f|£ : 16 
gE^'J^S-! : MS£ 

»Jc7)fTi^ : DNA 
ANCGCGCA/\T TAACCC 16 

SfifllS-^ : 20 
i2?'jcDS^ : 16 
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gii?'J<75lf£H : DN A 
AGNGCGCAAT TAACCC 16 

HSW-sf : 21 
IE$aj<Z>&£ : 16 

82^1© a : DN A 
AGCGNGCAAT TAACCC 16 

ia*ij#-*f : 22 
IE5'J : 17 

htfa V- : iS^« 
gd?'J<DMfi : DN A 

NAGCGCGCAA TTAACCC 17 

§Wm*5 : 23 
SWJ <D £ £ : 11 
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QWKDffiM : D N A 
NCCATGATTA C 11 

" ie*''J#-Sf : 24 
fB3TO&£ : 13 
Em (Dm : 

§ii?'J<M3iH : DNA 
NGACCATGAT TAC 13 

S8^J#^ : 25 
B2?y©-fi£ : 14 

ia ?u : &m 

IB^'JCDMI! : DNA 
NTGACCATGA TTAC 14 

: 26 

BZ?'JcD££ : 16 

h^ny- : mmW 
iWlcomWl : DNA 
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NTATGACCAT GATTAC 16 

S2?'J#^ : 27 ' 
I2#JGD S£ : 18 

Bm&mm •. dn a 

GCTATGACCA TGATTACN 18 

S2?'J#"=r : 28 
I2?'J<Z5 S£ : 17 

h v- : iSEIgtt 
IS?'J<9*lifti : D N A 

NAGCGCGCAA TTAACCC 17 

&J5W^ : 29 
&XDJk£ : 17 

h^'D ^- : 
Bi^JWfiBSI : D N A 

NAGCGCGCAA TTAACCC 17 



76 



WO 98/13524 



PCT/JP97/03438 



S23»J#-J§- : 30 
15?'JcD-M£ : 17 

bz&kdm : mm. 

&9>}<Dmf% : DNA 
GCTATGACNA TGATTAC 17 

iO?'J# ^ : 31 
BE9U©S^ : 17 
K#J£>£.! : MS£ 
h *'□•>-- : tlli^ 
K^JtDliSI : DNA 

GCTANGACCA TGATTAC 17 

mm*} : 32 
ftWltOMg : 18 

se^j^S'-! : mm 

h rtf o >• — : ggfjijjK 
S2VJCOMS1 : DNA 

Em 

NGCTATGACC ATGATTAC 18 
: 33 

EWHD&g : 17 
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&m<Dm mm 

i£?'J©ff$i : DNA 
GCTATGACCA TGNTTAC 17 

%m&^ : 34 
%lM(D&g : 17 

Sa^'J^>MM : DN A 
GCTATGACCA NGATTAC 17 

%Wm^ : 35 
fiWHDlkg : 17 

ici^'j©^ : mm 

li^'J(75MM : D N A 

GCTATGACNA TGATTAC 17 

mim*} : 36 
Mm<D&£ : 17 

%w\(d>m : mm 

htfu v- : GUM* 
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&P}<DMm : D NA 
GCTATGANCA TGATTAC 17 

SB#J*^ : 37 

ftl^CD&g : 17 

iiwmm : DN A 

GCTATGNCCA TGATTAC 17 

Wmm^ : 38 
fflE^'JcOfi^ : 17. 

h*D s>* — : HffpHK 
g2?'JCDM&1 : D N A 

GCTANGACCA TGATTAC 17 

Si!^J#-y : 39 
fiil#ltf)&£ : 17 

b*n V- : 
ftmcDffim : DNA 
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GCNATGACCA TGATTAC 17 

§2?!JS^ : 40 
iE?'J<D:ft£ : 17 

m*] (Dm : mm 
h □ - : eetftt^ 

ffiJTUaj&Si : DNA 

NAGCGCGCAA TTAACCC 17 

SB^J#-/ : 41 
K?'J<afi£ : 17 

nmnrnwi : dna 

GCTATGACCAT GATTACN 17 

SZ?'J # ! 4 : 42 
IZ?<J<7}&£ : 33 

h 7\i a •>* — : & Ij-W 
i^'J^M'; : DNA 

GGGTTAATTG CGCGCTGTAA TCATGGTCAT AGC 33 
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mm -i : 43 
IB^'J^S^ : 35 

mnomm : dna 

GGGTTAATTG CGCGCTTGGT AATCATGGTC ATAGC 35 

' @^'J#^§ : 44 
®ZM(D&g : 37 

h^o v- : mmk 

§in(DmW[ : DNA 

GGGTTAATTG CGCGCTTGGC GTAATCATGG TCATAGC 37 

Iii^JS-j : 45 
fiZ£'J<7>.K£ : 39 

: 

htfo is— : mftW 
K^J^Mi^'!' : DNA 

GGGTTAATTG CGCGCTTGGC AAGTAATCAT GGTCATAGC 39 
: 46 

EWXDJkg : 41 
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imcDUM : DN A 

GGGTTAATTG CGCGCTTGGG AAAAGTAATC ATGGTCATAG C 41 

8C?'J#-j : 47 
BEyjO&cF : 43 

%mcomm dna 

GGGTTAATTG CGCGCTTGGC AAAAAAGTAA TCATGGTCAT AGC 43 

S^'J#^ : 48 
S!?'J<£>:K£ : 45 

il&KDmffi. : D N A 

GGGTTAATTG CGCGCTTGGC AAAAAAAAGT AATCATGGTC ATAGC 45 

Si^'U^ : 49 
&1?'J £ £ : 47 
gi^'JM-! : mm 
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: DNA 

GGGTTAATTG CGCGCTTGGC AAAAAAAAAAA GTAATCATGG TCATAGC 47 



: 50 
: 51 



iS^'JcoiI^ : DNA 



AAAAAAAAAAA AAAAAGTAATC 



S2^J#-^ : 5J 
IB^'JCD^^ : 17 
Mm (D'M : 
h^'Dy- : fifing 
ffi!?'J<£>»i : DNA 

NAGCGCGCAA TTAACCC 17 



mm™j : 52 

$W\<D&£ : 16 
IS^JcOfiO/! : DNA 
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NTCTAGTTGG TCTGTC 16 

ifiyiJ*^ : 53 
IB?'J<7):R£ : 16 
I2?'J©3! : &WL 

NTCTAGTTGG TCTGTC 16 

g^'J« : 54 
SB?!l©g£ : 17 

mwnmw. : DNA 

GCTANGACCA TGATTAC 17 

iK?'J^ : 55 
&m<D&£ : 16 

h * □ V - : iHMW 

gcfjwairi : DN A 

GCANACTTCN TCATCT 16 
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^m^j : 56 
S2?'J©^^ : 16 

®m<D%i : mm 

GCAGANCTTC TCATCT 16 

SE?!I#-^ : 57 
EL&}(D&g : 33 

Ei&iCDmm : D N A 

GGGTTAATTG CGCGCTGTAA TCATGGTCAT AGC 33 
: 58 

SSB*U<7)&£ : 30 
&W\<D'M : m& 

BS^JtDfllSn : RNA 

GACAGACCAA CUAGAAGAUG AGAAGUCUGC 30 
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mW >J=C CO 3iS HH 

fro, h5S3 MSBT 7 -tr 7* - 7*n - Xtzato" < igftGDMI* £ - 

7*fr\ m m K ^ - 7 □ - 7* £ m 7 -fe - 7* a - 7 1 iiu SBtttfctt i:®;W7' 

h 7 7 u * * K Pa 1 ] # 2 £> * , MSii^mffl 7' □ - 7" 0 

3 . frfsRJS 2 lwiiJ©<7>ftfeitlffl 7* □ - 7tfeot, 

m3G'W 7* 'J y K(*:tw*^Ts wudB K *--7*n -7 £ mllTV -fe 7** - 7'n - 7' 
f$ <*: (c P£ 13 £r o X U T ^ -f 7" 'J 7V X t % , m mfc Hi ffl 7" □ - 7o 

4 . $J$RlH 3 C£|(D{taiffl 7'D — 7"t'$) ot, 

TissuT^w 7'>; ?--t xi" s rfinc 1 ^i^f^a'Jiixrj-xcoi^ o ^ ? aw a> * aii 

5 . fli'i^Km 1 C 3fliBctf>ftfe. , r.Jil X □ - 7'T 36 T . 
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sui?ej8 1 CDmft&mtt^tr, 4 , 4-y'7WD-4-^D-3a, 4 a -y7 
fro, frt!!3m2^|gft#-?#\ ^ > k vr^>mm^SI^fe(iD-^5 >^m^t 

iMa^J 1 <Z)£ftfeg-#-7-ft\ 4, 4-y7WD-4-^D-3a, 4a-y7 
T, 

( 1 ) sS 1 0) 32 # fc £ # -T- £r u , ijl/ ^^'J7;7b^f K Jg & ®I?iJ (7) - gp tc 
Tfe & & # -? □ L s ijff,{2'*t* iJ7i?U tTt- KlSSi£giIi' l J0D — f[IJtC/\-f 7" 'J ? 4 Xt 

(2) n53E!v W 7' 'J * h'ffc<7>H?2tf£5 2 3- ft £ & & -3 < i&te%i&t&0)mfc%i!&(D 
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(3) mi'd 1 mcD^lhmy'n -ycDmWg, 2 cD^^fe^tSo < 



(4) mmm2^xxfm3 0x^yyi:m^ti : h^.^n^t}-y'<Dttmzji *)m 

1 1 . If 1 0 ll SBttO^^© #'J7^ Uaf-?- k lgsae^j £ # T 3 
3 7 ^ U * ^ h* Fal # 2 &ffiffimx~ & 3 . m m?j 

1 4 . S'J^cJS 1 0 <c gBili2(7mft<B* 'J 7 ^ btf b-iiiMSC^JS^J "t SWt^* 

1 5 . imim io~i4 cDi-N-rn^ i mzmmwt'&n* v 7 * u b-tum 
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s w r * Kttit: $ f^itj t & is m x & o r * 



i 7 . mxm io~i6 <D^-?tiii> i miztm<Dttfe<D# v??u*?- Kjgg 
se ?y £ w r s $ -r -s # mx- & i x > 

h532*B 1 <Z)^#fe£#^# s 4, 4-^7WD-4-^D-3a t 4a-: 

i 8 . mm® io~i 6 (Di^nfr i mzmmcDftfetDrti y 7 ^ u^-^ 
Bd?'j ^ii't^ % £ ^ «p, r s // a? t* * o r , 

HtjiiOm 1 4, 4-5/'7;Wn-4-^D-3a, 4 a-y? 

V- s - *"-b >*£|#(3I£# u fro 65 3235 2 <Dmitft=?-tiK << > K v 7*- 
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W1A 




W1B 



S> ® 

Y/AV///\ \ ^ 



® ® 

Vss/W/A 




W1C 




W1D 



© ® 



o 



® ® 




S1E 




IF 



§> ® 



o 



© ® 
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M3 



® 



® 



® ® 



® ® 

ZZZZZ3 r-L- 



i 



i 



(A) 



CB) 



i 



I 



D) (A 



EZZZZZ3C 



"EZZZZZ2E 




C 



® 



I 



I 
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